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388a Monday, February 27, 20121um x 1um x 1um in x, y, z dimension are placed at regular intervals on the
coverslip. These fiduciary markers are easy to put down, are completely station-
ary with respect to the coverslip, and are completely bio-compatible. To do this,
the fiduciary markers are made by: 1) making a mask out of Si/SiN3; 2) making
a PDMS anti-mask from the silicon mask; 3) placing the PDMS on the cover-
slip along with commercially-available polymerizing glue; 4) shine UV-light to
cause the glue to polymerize and then remove the PDMS. As the coverslip un-
dergoes drift (or is purposely move), the (x, y) center of the fiduciary markers
can be easily tracked to 1 nanometer using a Gaussian fit. By focusing the light
slightly out-of-focus, the z-axis can also be tracked to<12 nm by looking at the
diffraction rings. The process of tracking the fiduciary markers does not inter-
fere with visible fluorescence because an IR-LED (690-850 nm) is used and the
IR-light is separately detected using an inexpensive camera. The resulting
motion of the coverslip can then be corrected for, either after-the-fact, or using
active stabilizers to correct for the motion. We apply this method to watch
kinesin walking withz 8 nm steps.
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Little is known about the spatial organization and dynamics of the translational
machinery in bacteria. We have examined the distribution and diffusion of
ribosomes in live E. coli cells by localizing and tracking single ribosomes la-
beled by an S2-eYFP construct expressed from the chromosome. Fast revers-
ible photobleaching of eYFP was used to image single ribosome molecules
and obtain the time-averaged spatial distribution of ribosomes with ~30-nm res-
olution. In medium growth conditions (doubling time 62 minutes) the ribo-
somes are highly segregated from the nucleoid. In DNA rich regions the
concentrations of ribosomes is less than 20% of that in the ribosome-rich re-
gions in the end caps and space between the two nucleoid lobes. This is in rea-
sonable agreement with a Monte Carlo model using realistic parameters for the
number of ribosomes and the amount of plectonemic DNA. We have studied
dynamics of single ribosomes by using time lapse imaging. The mean diffusion
constant isDribo = 0.04 mm
2/s. Halting of transcription with Rifampicin resulted
in about 10 fold increase in the diffusion constant and a homogeneous distribu-
tion of labels throughout the cytoplasm. The drastic change in dynamics can be
explained in part by conversion of polysomes to monomeric ribosomes and 30S
subunits in the absence of new mRNA synthesis. Expansion of the nucleoid af-
ter rifampicin treatment might be responsible for eliminating ribosome/DNA
segregation and may further enhance diffusion. Halting of translation by Chlor-
amphenicol treatment increased the ribosome-DNA segregation as the DNA
compacted. The diffusion constant remained the same. Studies of the spatial
distribution of different size fluorescent proteins in the presence and absence
of drugs suggest that the degree of segregation from DNA is largely size
dependent.
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Recent developments in DNA nanotechnology facilitate a new degree of
control to place arbitrary objects. Therefore, DNA is folded into arbitrary2- and 3-dimensional structures on a nanometer to micrometer scale. In this
so-called origami technique, introduced by Paul Rothemund in 2006, one
~7.3 kbases long single-stranded DNA is hybridized with ~200 short
synthetic DNA ‘‘staple’’ strands to build a desired structure by self-
assembly. Objects of interest, e.g. single fluorophores, are attached to individ-
ual incorporated DNA strands at specific positions within the structure. Several
applications of this approach are shown using single-molecule fluorescence
techniques.
Revisiting the distance dependence of fluorescence resonance energy
transfer (FRET), we used the DNA origami technique to build a spectroscopic
ruler. In contrast to double stranded DNA, a commonly used spacer mole-
cule, this technique offers distinct advantages. We designed a rigid DNA ori-
gami block, which has a higher persistence length and additionally allows
placing the dye molecules all oriented in the same direction on the top sur-
face, limiting static effects of the linker lengths. In contrast to dsDNA, for
the origami block the Fo¨rster Radius R0 could directly be obtained from
the distance dependence of energy transfer based on single-molecule FRET
measurements.
Guided by the idea to build complex spectroscopic networks by self-
assembly, we used rectangular DNA origami as a molecular breadboard to
precisely position individual fluorophores. In this artificial system the path
of energy transfer can be manipulated on the nanoscale. Fluorophores were
incorporated such that the light from the ‘‘blue’’ input dye could either be
guided to the ‘‘red’’ or ‘‘IR’’ output dye, by a ‘‘green’’ dye that was placed
at two alternative positions. We used a single-molecule four-color FRET
approach with alternating laser excitation for analysis of the different energy
transfer paths.
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Growing evidence suggests that oligomeric aggregation intermediates of the
human alpha-synuclein protein are toxic to neurons in Parkinson’s disease.
Very little is known about the molecular details of these oligomeric aggregates.
Conventional techniques to determine the number of monomers per oligomer,
such as size exclusion chromatography or mass spectrometry, give estimates
ranging from less than 10 to more than 60. It is unclear if this spread is due
to influences from the technique used or if it reflects size heterogeneity of
the oligomers.
Single-molecule photobleaching allows for direct probing of the number of
labeled monomers per oligomer, but is not typically applicable for large olig-
omers (>10 monomers). To overcome this problem, we develop a method
that uses sub-stoichiometric labeling, that is, only a fraction of the monomers
contain a fluorescent label, in combination with single-molecule photobleach-
ing. The number of bleaching steps now gives the number of fluorescent la-
bels instead of the number of monomers. Via the label probability mass
function we link the number of fluorescent labels to the total number of
monomers.
Using this approach, we find a single, well defined alpha-synuclein oligomer
consisting of 31 monomers. We also demonstrate that the aggregation is sto-
chastic and that there is no influence of the fluorescent label on the aggregation.
Fluorescence correlation spectroscopy data indicate a very loose packing of the
oligomers. In combination with tryptophan fluorescence measurements, we
propose a structural model for the oligomers.
